Abstract: Synaptic inputs of corticotropin-releasing factor (CRF)-like Immuno reactive axon terminals to neurons containing atrial natriuretic peptide (ANP) in the anteroventral third ventricle (AV3V) region of the rat diencephalon were examined ultrastructurally by a pre-embedding double immunostaining technique combining the silver-gold intensified peroxidase-antiperoxidase complex-3,3'-diaminobenzidine (SGI-PAP-DAB) method for ANP with the nonintensified PAP-DAB method for CRF. CRF-like Immunoreactive axon terminals were found to make asymmetrical or symmetrical synaptic contacts with ANP-like Immunoreactive nerve cell bodies and processes in the AV3V region. These findings suggest that CRF-containing neurons may regulate the secretory activity, or other functions, or both, of ANP-containing neurons through synapses in the AV3V region of the rat diencephalon.
Introduction
The anteroventral third ventricle (AV3V) region contains the organum vasculosum of the lamina terminalis, the median preoptic nucleus, the adjacent periventricular and medial preoptic areas, the anterior hypothalamic periventricular nuclei, and the anteroventral periventricular nucleus, which lies in the periventricular zone of the preoptic region1,2). Functionally, the AV3V region is considered to be involved in the control of body fluid balance, cardiovascular regulation, and electrolyte homeostasis1-4. Atrial natriuretic peptide (ANP), closely connected to body fluid balance, has been shown, by radioimmunoassay5) and immunocytochemistryb6,7) to be localized in all nuclei of the AV3V region of the rat hypothalamus.
It has also been shown that corticotropin-releasing factor-like Immunoreactive (CRF-LI) nerve cell bodies and fibers are distributed in the medial preoptic nucleus where they are by far the largest cell group in the medial preoptic area, including the AV3V of the rat8,9) .
Since both ANP-and CRF-containing neurons are evenly distributed in the same AV3V region, it has been suggested that they are closely connected with each other morphologically and have important functions in the control of body fluid balance. However , there has been no ultrastructural study of ANP-containing neurons in the rat brain, nor demonstration of neural interactions between the CRF-and ANP-containing neurons in the AV3V. The present study was thus aimed at examining whether or not such synaptic interactions are Department of Anatomy, Showa University School of Medicine , 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142, Japan. present in the AV3V region at the electron microscopic level. For this, we used a pre-embedding double immunostaining technique based on the consecutive use of silver-gold-intensified peroxidase-antiperoxidase complex-3,3'-diaminobenzidine (SGI-PAP-DAB) methods10,11) using anti-ANP antiserum, and the non-intensified PAP-DAB method using anti-CRF antiserum. sections, silver-intensified, gold-substituted black-colored CRF-LI nerve fibers were easily distinguishable from the non-intensified, brown-colored ANP-LI cell bodies. These CRF-LI nerve fibers appeared to surround ANP-LI cell bodies and processes in the AV3V. At the higher magnification, some CRF-LI axon terminals appeared to be in direct contact with the ANP-LI neurons (Fig. 1) . Sections incubated with anti-ANP or anti-CRF antisera, preabsorbed respectively with ANP or CRF, were virtually devoid of peroxidase reaction product, confirming the specificity of the ANP and CRF antisera and the PAP technique. Electron microscopy In the single-immunolabeled sections stained only by the SGI-PAP-DAB method using anti-ANP antiserum, ANP-LI neurons were identified by the presence of gold particles substituted for the silver grains, and by electron dense DAB reaction products. These gold particles in the ANP-LI neurons appeared mainly in the granular vesicles (90-150 nm in diameter), and also occasionally on the external surfaces of the mitochondria and throughout the cytoplasmic matrices of the cell boides and processes. Some ANP-LI neurons were observed to receive synaptic inputs from other immunonegative unknown axon terminals ( Fig. 2A, B) . Since the ANP-LI neurons receive synaptic inputs from many axon terminals, a doubleimmunostaining technique was used in this study to clarify the nature of the pre-synaptic axon terminals.
In the double immunostained sections using the SGI-PAP-DAB staining for ANP, followed by the traditional PAP-DAB staining for CRF, the ANP-like immunoreactivity was visualized as high electron dense silver, or gold grains, or both by the SGI-PAP-DAB endproduct, and the CRF-like immunoreactivity was visualized by a DAB-only end-product. In Fig.  4 the AV3V region, CRF-LI axon terminals were found to make asymmetrical or symmetrical synapses with ANP-LI nerve cell bodies (Figs. 3A-C, 4A, B) and processes (Fig. 5A, B) . The CRF-LI presynaptic terminals contained many immunonegative , small clear vesicles and a few immunopositive, large, granular vesicles (90-120 nm in diameter) (Figs . 3C, 4A ). Both CRF-LI axon terminals and some immunonegative ones were sometimes found to make synaptic contacts with ANP-LI nerve fibers (Fig. 6A, B) . The origin of the CRF containing axons that form the CRF-ANP-immunoreactive synapses in the AV3V of the rat remains to be determined. In addition to the PVN, CRF-LI neurons have been identified in many kinds of other telencephalic, diencephalic and brainstem nuclei, including the medial and periventricular nuclei of the preoptic area8,9). The bed nucleus of the stria terminalis contains many CRF-containing neurons that project to the parabrachial nucleus in the pons20).
In the preoptic region, ANP-LI perikarya have been observed in the periventricular preoptic nucleus and the medial preoptic area. These nuclei lie within the AV3V region, and this region is thought to be important in the neural regulation of blood pressure, and fluid and electrolyte balance6,7,21). Therefore, the CRF-ANP synapses could represent either local connections from CRF neurons in the preoptic area, or afferents from other neurons in the hypothalamus, extrahypothalamic area or both.
Physiological studies and the present anatomical study clearly show that ANP-containing neurons in the AV3V indeed receive synaptic input from CRF-containing neurons. The influence of CRF on ANP release, however, is not yet fully understood.
